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v Introduction 
Ø Chiral Magnetic Effect (CME)
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Ø In non-central collisions a 
strong magnetic field is 

created ⊥ to Ψ!"

Ø Magnetic field acts on the chiral fermions with 𝜇5 ≠ 0
leading to an electric current along the magnetic field 

which results in a charge separation
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Can we identify & characterize this dipole moment?

The CME correlators, have been used extensively for 
experimental measurements.

D
.E. K

harzeev
Prog.Part.N

ucl.Phys. 75 (2014) 133-151

CME-driven charge separation leads to a dipole term in the azimuthal 
distribution of the produced charged hadrons:
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v Introduction 
Ø Chiral Magnetic Effect (CME)



The background complicates
signal extraction

𝚿𝑹𝒙𝒏

background

Ø Background can account for a sizeable part of the 
observed charge separation
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Phys.Lett. B700 (2011) 39-43
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A well-known approach is to use the 𝛾 correlator to measure the 
dipole charge separation

v Introduction 
Ø Correlators to measure dipole charge separation
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The 𝑅&' ∆𝑆 correlator is constructed for a given event plane Ψ(
via a ratio of two correlation functions

𝐶"# ∆𝑆 quantifies charge separation 
along the B-field

x

y

Reaction
Plane Ψ$

The 𝑅'( ∆𝑆 correlator measures the magnitude of charge separation 
parallel to the B-field, relative to that for charge separation 

perpendicular to the B-field

𝑅"% ∆𝑆 =
𝐶"! ∆𝑆
𝐶"!
& ∆𝑆

m = 2,3

v Introduction 
Ø Correlators to measure dipole charge separation
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𝐶%&' ∆𝑆 quantifies charge separation 
perpendicular to the B-field (only background)



v Introduction 
Ø Correlators to measure dipole charge separation
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Phys.Lett. B700 (2011) 39-43
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Ø The correlators’ responses are similar for signal and background

Ø Background can account for a part, or all of the observed charge 
separation signal?
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Isobars:
Similar shape → Similar background
Different Z  → Different magnetic field

vIsobar Analysis:
Ø Separating the signal from background is the main subject of the ongoing work



vIsobar Analysis:
Ø A large, collective effort

BNL, CCNU, Fudan, Huzhou, Purdue, SINAP, Stony Brook, Tsukuba, UCLA, UIC and Wayne State

Isobar Blind
Analysis

God Parent
Committee A Blinding

Committee

5-Isobar Blind Analyses
Ø Δ𝛾, Δ𝛿 and 𝜅
Ø Δ𝛾, Δ𝛿 and Δ𝛾(Δ𝜂)
Ø Δ𝛾 in PP/SP and Δ𝛾(M"#$)
Ø Δ𝛾 in PP/SP 
Ø 𝑅(Δ𝑆) Correlator.

1-Isobar Unblinded Analysis
Ø The signed balance function

Case for CME:

Ø Δ𝛾 and its derivatives
Δ𝛾/v%(Ru/Zr)  > 1
Δ𝛾&&%/v%(Ru/Zr) > Δ𝛾&%'/v'(Ru/Zr)
κ(Ru/Zr)  > 1

Ø 𝑓()*+, > 𝑓()*-. > 0

Ø 𝜎+/!
0& +,

-. > 1

A. Tang
PAC meeting, Sept 2020

We are here

P. Tribedy
WWND 2020

N. Magdy, et al. PRC 98 (2018) 6, 061902

A. Tang, CPC 44 054101 (2020)

S. Voloshin, PRC 98, 054911 (2018)

H-J. Xu, et al, CPC 42, 084103 (2018)

J. Zhao , et al, EPJC 79 (2019) 168
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Analyzers



v Isobar Analysis:
Ø Expected CME background in isobar

Helen Caines - 6th CVMF in HIC meeting - Nov 2021 

CME background appears different

16

Observed differences in both multiplicity and v2 imply that CME background 
different for the two isobars at matching centralities

21
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FIG. 4. (Left) Elliptic anisotropy v2 measurements using di↵erent methods in isobar collisions at
p
sNN = 200 GeV as a

function of centrality using TPC and EPD detectors. In the upper panels, the solid and open symbols represent measurements
for Ru+Ru and Zr+Zr collisions, respectively. The data points are shifted along the x axis for clarity. The lower panels show
the v2 ratios in Ru+Ru over Zr+Zr collisions. The statistical uncertainties are represented by lines and systematic uncertainties
by boxes. (Right) The same showing measurements for four particle correlations using TPC and EP determined from ZDC.
The data points are shifted horizontally for clarity.

detailed implementations di↵er among the groups with regards to estimation of harmonic flow vectors, re-weighting,
the pseudorapidity gap to reduce non-flow, and correction of non-uniform acceptance. While focusing on various
aspects, four of the five groups have analyzed the ��/v2 observable. Figure 5 compares the ��/v2 measurements
with both the full-event and sub-event methods. The statistical uncertainties are largely correlated among the
groups because the same initial data sample is analyzed; the results are not identical because of the analysis-specific
event selection criteria (see Table.I) and the slightly di↵erent methods. Using the Barlow approach [106], we have
verified that the results from di↵erent groups are consistent within the statistical fluctuations due to those di↵erences.
Moreover, the final conclusion on the observability of the CME is consistent among all five analysis groups.

In addition to the centrality dependence results reported in the following subsections, in order to have the best
statistics, we also quote the final results for the Ru+Ru over Zr+Zr ratio observables for the centrality range of 20–50%.
The choice of this centrality range is determined by two considerations. One is that the mid-central collisions present
the best EP reconstruction resolution as well as the most significant magnetic field strengths (hence the possibly
largest CME signal di↵erence between the isobar species). The other consideration is that the online trigger e�ciency
starts to deteriorate from the 50% centrality mark towards more-peripheral collisions (see Sec. III). A compilation of
results from di↵erent groups is presented in the summary subsection V I.

A. �� measurements with TPC event plane (Group-1)

The flow plane for a specific pseudorapidity range is unknown for each event. In practice, we estimate an nth-

harmonic flow plane with the azimuthal angle ( n) of the flow vector
�!
Qn =

�PN
i wi cos(n�i),

PN
i wi sin(n�i)

�
, where

�i represents the azimuthal angle of a detected particle, and wi is a weight (often set to pT ) to optimize the EP
resolution. For example, the vn measurement with respect to the full TPC EP is denoted by

vn{TPC EP} = hcos(n�� n TPC

n )i . (43)

14

is not compatible with transition measurements and calculations [123, 124]. Based on the above considerations, the
Case-3 WS density parameterization is chosen for our centrality calculations. The fit corresponds to values of MC
Glauber parameters npp = 2.386, k = 3.889, and x = 0.123.

TABLE III. Centrality definition by No✏ine

trk ranges (e�ciency-uncorrected multiplicity in the TPC within |⌘| < 0.5) in Ru+Ru
and Zr+Zr collisions at

p
sNN =200 GeV. The first column is the centrality range labels we use throughout the paper. The

two centrality columns are the actual centrality ranges which are slightly di↵erent because of integer edge cuts used for the
centrality determination. The mean hNo✏ine

trk i values, the mean number of participants (hNparti), and the mean number of
binary collisions (hNcolli) are also listed. The statistical uncertainties on hNo✏ine

trk i are all significantly smaller than 0.01. The
uncertainties on hNparti and hNcolli are systematic.

Centrality Ru+Ru Zr+Zr
label (%) Centrality(%) No✏ine

trk hNo✏ine

trk i hNparti hNcolli Centrality(%) No✏ine

trk hNo✏ine

trk i hNparti hNcolli
0–5 0–5.01 258.–500. 289.32 166.8±0.1 389±10 0–5.00 256.–500. 287.36 165.9±0.1 386±10
5–10 5.01–9.94 216.–258. 236.30 147.5±1.0 323±5 5.00–9.99 213.–256. 233.79 146.5±1.0 317±5
10–20 9.94–19.96 151.–216. 181.76 116.5±0.8 232±3 9.99–20.08 147.–213. 178.19 115.0±0.8 225±3
20–30 19.96–30.08 103.–151. 125.84 83.3±0.5 146±2 20.08–29.95 100.–147. 122.35 81.8±0.4 139±2
30–40 30.08–39.89 69.–103. 85.22 58.8±0.3 89.4±0.9 29.95–40.16 65.–100. 81.62 56.7±0.3 83.3±0.8
40–50 39.89–49.86 44.–69. 55.91 40.0±0.1 53.0±0.5 40.16–50.07 41.–65. 52.41 38.0±0.1 48.0±0.4
50–60 49.86–60.29 26.–44. 34.58 25.8±0.1 29.4±0.2 50.07–59.72 25.–41. 32.66 24.6±0.1 26.9±0.2
60–70 60.29–70.04 15.–26. 20.34 15.83±0.03 15.6±0.1 59.72–70.00 14.–25. 19.34 15.10±0.03 14.3±0.1
70–80 70.04–79.93 8.–15. 11.47 9.34±0.02 8.03±0.04 70.00–80.88 7.–14. 10.48 8.58±0.02 7.12±0.04
20–50 19.96–49.86 44.–151. 89.50 60.9±0.3 96.7±1.0 20.08–50.07 41.–147. 85.68 58.9±0.3 90.3±0.9
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FIG. 3. (Upper) The e�ciency-uncorrected mean multiplicity
⌦
No✏ine

trk

↵
from the TPC within |⌘| < 0.5 as a function of

centrality in Ru+Ru and Zr+Zr collisions. The centrality bins are shifted horizontally for clarity. (Lower) The ratio of
the mean multiplicity in Ru+Ru collisions to that in Zr+Zr collisions in matching centrality. The points include statistical
uncertainties that are within the marker size.

The centrality of an event is defined by the percentile of the total cross section. The integer edge cuts are made
so that the integrals of the No✏ine

trk
distributions would be closest to the 5% or 10% mark. For the 0–20% centrality

interval the experimental data are used for integration, while the MC Glauber distributions are used for the remaining
Helen Caines - 6th CVMF in HIC meeting - Nov 2021 
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FIG. 4. (Left) Elliptic anisotropy v2 measurements using di↵erent methods in isobar collisions at
p
sNN = 200 GeV as a

function of centrality using TPC and EPD detectors. In the upper panels, the solid and open symbols represent measurements
for Ru+Ru and Zr+Zr collisions, respectively. The data points are shifted along the x axis for clarity. The lower panels show
the v2 ratios in Ru+Ru over Zr+Zr collisions. The statistical uncertainties are represented by lines and systematic uncertainties
by boxes. (Right) The same showing measurements for four particle correlations using TPC and EP determined from ZDC.
The data points are shifted horizontally for clarity.

detailed implementations di↵er among the groups with regards to estimation of harmonic flow vectors, re-weighting,
the pseudorapidity gap to reduce non-flow, and correction of non-uniform acceptance. While focusing on various
aspects, four of the five groups have analyzed the ��/v2 observable. Figure 5 compares the ��/v2 measurements
with both the full-event and sub-event methods. The statistical uncertainties are largely correlated among the
groups because the same initial data sample is analyzed; the results are not identical because of the analysis-specific
event selection criteria (see Table.I) and the slightly di↵erent methods. Using the Barlow approach [106], we have
verified that the results from di↵erent groups are consistent within the statistical fluctuations due to those di↵erences.
Moreover, the final conclusion on the observability of the CME is consistent among all five analysis groups.

In addition to the centrality dependence results reported in the following subsections, in order to have the best
statistics, we also quote the final results for the Ru+Ru over Zr+Zr ratio observables for the centrality range of 20–50%.
The choice of this centrality range is determined by two considerations. One is that the mid-central collisions present
the best EP reconstruction resolution as well as the most significant magnetic field strengths (hence the possibly
largest CME signal di↵erence between the isobar species). The other consideration is that the online trigger e�ciency
starts to deteriorate from the 50% centrality mark towards more-peripheral collisions (see Sec. III). A compilation of
results from di↵erent groups is presented in the summary subsection V I.
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is not compatible with transition measurements and calculations [123, 124]. Based on the above considerations, the
Case-3 WS density parameterization is chosen for our centrality calculations. The fit corresponds to values of MC
Glauber parameters npp = 2.386, k = 3.889, and x = 0.123.
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and Zr+Zr collisions at
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two centrality columns are the actual centrality ranges which are slightly di↵erent because of integer edge cuts used for the
centrality determination. The mean hNo✏ine

trk i values, the mean number of participants (hNparti), and the mean number of
binary collisions (hNcolli) are also listed. The statistical uncertainties on hNo✏ine

trk i are all significantly smaller than 0.01. The
uncertainties on hNparti and hNcolli are systematic.
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The centrality of an event is defined by the percentile of the total cross section. The integer edge cuts are made
so that the integrals of the No✏ine

trk
distributions would be closest to the 5% or 10% mark. For the 0–20% centrality

interval the experimental data are used for integration, while the MC Glauber distributions are used for the remaining

Ø Observed differences in multiplicity and v2 for same centrality
ü Background differences for the two isobars are more complicated 

than previously thought 
ü The predefined CME signature could be invalid 

STAR Collaboration
PRC 105, 014901 (2022)

9



Results from the isobar data 
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Ø ∆𝛾&&( and ∆𝛾&()
v Results

3rd order event plane not correlated 
with magnetic field
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Predefined CME signature:

No CME signature that satisfies the 
predefined criteria observed

STAR Collaboration
PRC 105, 014901 (2022)



Ø Consistency of the results
v Results

Measurements of similar quantities consistent:
Ø Results are not identical because of analysis 

specific event selection criteria and different 
methods

Ø Verified results consistent within the 
statistical fluctuations due to those 
differences

12

Predefined CME signature:

No CME signature that satisfies the predefined criteria observed

(∆𝛾&&(/𝑣()!*+!*

(∆𝛾&&(/𝑣(),-+,-
> 1

STAR Collaboration
PRC 105, 014901 (2022)



Ø Factorization breaking measure
v Results
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Predefined CME signature:

No CME signature that satisfies the 
predefined criteria observed

STAR Collaboration
PRC 105, 014901 (2022)



Ø 𝐾&&( ≡ ∆𝛾&&(/𝑣(∆𝛿
v Results

Normalization by 𝑣( and ∆𝛿 motivated 
by structure of coupling of 𝑣( and ∆𝛿

in background contributions

14

Predefined CME signature:

𝐾&&(!*+!*

𝐾&&(,-+,-
> 1

No CME signature that satisfies the 
predefined criteria observed

STAR Collaboration
PRC 105, 014901 (2022)

A precision down to 0.4% 
is reached, as anticipated



Ø ∆𝛾 measurements in invariant mass
v Results

15

Predefined CME signature:

No CME signature that satisfies the predefined criteria observed

STAR Collaboration
PRC 105, 014901 (2022)



Ø CME fraction 𝑓./0
v Results

16

No CME signature that satisfies the 
predefined criteria observed

STAR Collaboration
PRC 105, 014901 (2022)

𝑓()*+, > 𝑓()*-. > 0
Predefined CME signature:



Ø 𝑅&/ ∆𝑆 measurements
ü Event-shape selections

v Results

Ø The q2-selected results indicate that 𝑅%& ∆𝑆” is not strongly influenced by the 
v2 background-driven charge separation for up to ~30% change in v2.

36

H. R 2 measurements (Group-5)

In this part of the analysis, charged particles with transverse momentum 0.2 < pT < 2.0 GeV/c are used to construct
 2. Each event is subdivided into two sub-events with pseudorapidity 0.1 < ⌘ < 1.0 (West) and �1.0 < ⌘ < �0.1
(East) to obtain  W

2
(West) and  E

2
(East). Afterward, C 2(�S), C?

 2
(�S) and R 2(�S) are constructed using

charged particles with 0.35 < pT < 2.0 GeV/c. To avoid potential self-correlations,  E
2
is used for particles within the

0.1 < ⌘ < 1.0 range and  W
2

for particles within the �1.0 < ⌘ < �0.1 range. Here the �S distributions associated
with the aforementioned quantities are symmetrized around �S = 0. The second pT selection (beginning at 0.35
GeV/c) is chosen to minimize the influence of acceptance e↵ects at low pT while optimizing the statistics.

The sensitivity of the R 2(�S
00
) distribution to the potential impact from v2-driven background is investigated

using event-shape selection via fractional cuts on the magnitude of the second harmonic flow Q-vector q2 relative to
its maximum value q2,max at fixed multiplicity [59]. This study is motivated by the fact that v2 drives background
sources of CME and the change in q2 provides a lever-arm to vary v2 [27, 32]. Therefore, the impact of the v2-driven
charge separation background can be decreased (increased) by choosing events with smaller (larger) q2 values.
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FIG. 24. The q2 dependence of the R 2(�S
00
) distributions for Ru+Ru (a) and Zr+Zr (d) for 20–50% collisions. Panels (b)

and (e) show the corresponding q2-dependent v2 values; panels (c) and (f) show the inverse widths (��1

R 2
) for distributions in

(a) and (d), respectively. The distributions shown in (a) and (d) are symmetrized around �S
00
= 0.

Event-shape selection is performed using three sub-events; A[⌘ < �0.3], B[|⌘| < 0.3], and C[⌘ > 0.3], following the
methods described earlier, and with q2 selections in sub-event B. Figure. 24 shows the q2-selected isobar measurements.
The R 2(�S

00
) distributions are given in panels a and d, and the corresponding v2 values, measured using the two

sub-event cumulants method [137] and particles with 0.35 < pT < 2.0 GeV/c are shown in panels b and e. The inverse
widths (panels c and f) are extracted from the distributions shown in (panels a and d). Linear fits to the data in panels
(b), (c), (e), and (f) indicate that, while v2 shows a 32.0%± 0.01% increase with q2 from q2=0-20% to 60-100%, the
corresponding inverse width for the R 2(�S

00
) distributions show an approximate decrease of 7.0%± 4.0%. Further

studies may be needed to understand the physics behind the observed behavior of the widths of R 2 on q2.

The R 2(�S
00
) distributions, extracted for several centrality selections in Ru+Ru and Zr+Zr collisions, are shown

in Fig. 25 (a-d). They indicate centrality-dependent concave-shaped distributions for R 2(�S
00
). The corresponding

inverse widths extracted from these distributions are shown in panel (e). They indicate similar magnitudes for both
isobars that increase as collisions become more peripheral. The di↵erence between the inverse widths for the two isobars
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FIG. 25. Comparison of the R 2(�S
00
) distributions obtained for charged particles in (a) 0-10%, (b) 10-30%, (c) 30-50% and

(d) 20–50% collisions in Ru+Ru and Zr+Zr collisions at
p
sNN) = 200 GeV. Panel (e) shows the centrality dependence of the

inverse widths ��1

R 2
, extracted from the R 2(�S

00
) distributions. Panel (f) shows the ratio of the inverse widths of the two

isobars. The distributions shown in (a)-(d) are symmetrized around �S
00
= 0.

.

is made more transparent in Fig. 25(f), where the ratios ��1

R 2
(Ru + Ru)/��1

R 2
(Zr + Zr) are plotted as a function of

collision centrality. Note that the systematic uncertainty is negligible compared to the statistical uncertainties for the
20–50% selection.

I. Summary and discussions

The elliptic flow v2 coe�cients are found to be larger in Ru+Ru than Zr+Zr collisions, by approximately 2% in
mid-central collisions and by a similar amount in the most central 5% of collisions. The shape and magnitude of the
vRu+Ru

2
/vZr+Zr

2
ratio as a function of centrality are consistent with the corresponding eccentricity ratio predicted by

DFT calculations [85, 86], which can be parameterized by neutron-halo typeWS distributions for the 96
40
Zr nucleus [113].

Therefore, the current measurements are consistent with the di↵erent intrinsic nuclear structures of the two isobars.
The v2 di↵erence in central collisions suggests that the 96

44
Ru nucleus is more deformed than the 96

40
Zr nucleus. However,

the ratio of multiplicity distribution is best described by MC-Glauber simulations without intrinsic shapes for both the
isobars. Further studies with more sophisticated observables are underway to pin down the nuclear shape di↵erence
between 96

44
Ru and 96

40
Zr. Using the forward detectors EPD and ZDC rather than the TPC to determine the EP leads

to a noticeable change in the magnitude of v2 and an even larger change in v3. These changes may primarily be
due to e↵ects of non-flow, longitudinal de-correlation and flow-fluctuations. An interesting observation is that the
magnitudes of v3 di↵er with high significance between the two isobars in both peripheral and central collisions, which
warrants future investigation.

The primary CME-sensitive observable ��/v2 is analyzed by four independent groups. Prior to the blind analysis,
the case for observation of a CME signal is predefined to be an excess of ��/v2 in Ru+Ru collisions as compared with
Zr+Zr collisions. Results from all groups are inconsistent with this expectation, and therefore no conclusive evidence
of the CME is found in this blind analysis. The analysis from one group uses an alternate CME-sensitive measure,
namely the R variable. The predefined expectation for the CME for this observable is a larger concavity of the R
variable in Ru+Ru collisions compared with Zr+Zr collisions. No such observation is found in the data, and therefore
no conclusive evidence of the CME is observed using the R variable in the blind analysis.

Figure 26 presents a compilation of results from the blind analysis for the 20–50% centrality range. In this figure, the

Ø For the same centrality, the 
R'1(∆S

11) correlators for 
the two isobars are similar.
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ratio as a function of centrality are consistent with the corresponding eccentricity ratio predicted by1101

DFT calculations [85, 86], which can be parameterized by neutron-halo typeWS distributions for the 96
40
Zr nucleus [113].1102

Therefore, the current measurements are consistent with the di↵erent intrinsic nuclear structures of the two isobars.1103

The v2 di↵erence in central collisions suggests that the 96
44
Ru nucleus is more deformed than the 96

40
Zr nucleus. However,1104

the ratio of multiplicity distribution is best described by MC-Glauber simulations without intrinsic shapes for both the1105

isobars. Further studies with more sophisticated observables are underway to pin down the nuclear shape di↵erence1106

between 96
44
Ru and 96

40
Zr. Using the forward detectors EPD and ZDC rather than the TPC to determine the EP leads1107

to a noticeable change in the magnitude of v2 and an even larger change in v3. These changes may primarily be due to1108

e↵ects of non-flow and longitudinal de-correlation and fluctuations. An interesting observation is that the magnitudes1109

of v3 di↵er with high significance between the two isobars in both peripheral and central collisions, which warrants1110

future investigation.1111

The primary CME-sensitive observable ��/v2 is analyzed by four independent groups. Prior to the blind analysis,1112

the case for observation of a CME signal is predefined to be an excess of ��/v2 in Ru+Ru collisions as compared1113

with Zr+Zr collisions. Results from all groups are inconsistent with this expectation, and therefore no conclusive1114

evidence of the CME is found in this blind analysis. The analysis from one group uses an alternate CME-sensitive1115

measure, namely the R correlator. The predefined expectation for the CME for this observable is a larger concavity1116

of the R correlator in Ru+Ru collisions compared with Zr+Zr collisions. No such observation is found in the data,1117

and therefore no conclusive evidence of the CME is observed using the R variable in the blind analysis.1118

Figure 26 presents a compilation of results from the blind analysis for the 20–50% centrality range. In this figure, the1119

Predefined CME signature:

18

Ø 𝑅&/ ∆𝑆 measurements
ü Centrality selections

STAR Collaboration
PRC 105, 014901 (2022)

No CME signature that satisfies the 
predefined criteria observed
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FIG. 26. Compilation of results from the blind analysis. Only results contrasting between the two isobar systems are shown.
Results are shown in terms of the ratio of measures in Ru+Ru collisions over Zr+Zr collisions. Solid dark symbols show CME-
sensitive measures whereas open light symbols show counterpart measures that are supposed to be insensitive to CME. The
vertical lines indicate statistical uncertainties whereas boxes indicate systematic uncertainties. The colors in the background
are intended to separate di↵erent types of measures. The fact that CME-sensitive observable ratios lie below unity leads to the
conclusion that no predefined CME signatures are observed in this blind analysis.

ratio of the value of each observable in Ru+Ru to its value in Zr+Zr collisions is shown; the statistical and systematic
uncertainties are shown by lines and boxes, respectively. Included are results for the CME-sensitive observables
��/v2, , k and 1/�R 2

using di↵erent detector combinations as well as from independent analysis groups. The
ratio values of ��/v2, 112, k2, and 1/�R 2

are all less than or consistent with unity, indicating that the predefined
CME signature is not observed in the isobar blind analysis for any of these observables. This observation is further
corroborated by the observation that the CME-insensitive quantities ��123/v3 and k3 have ratios (as shown in the
figure) consistent with their second-harmonic CME-sensitive counterparts.

In addition to the integrated quantities shown in Fig. 26, we have performed di↵erential measurements of �� with
�⌘ and of �� for pion pairs in invariant mass minv for both isobar species. No di↵erence in the shape is observed
between the two species in these di↵erential studies. The mean value of the variable r that measures the relative
excess of opposite-sign relative to same-sign pion pairs at di↵erent values of minv is di↵erent for the two isobar species,
being smaller in Ru+Ru collisions; this is qualitatively consistent with the charged hadron multiplicity di↵erence in
bins of matching centrality between the two isobars.

The comparison of �� measured with respect to the spectator (measured by the ZDC) and participant (measured
by the TPC) planes is used to extract the CME fraction fcme in each individual species. Two analysis groups used this
method. Group-3 analyzed both the full-event and sub-event correlations, while Group-4 analyzed only the latter.
Using the sub-events allows the suppression of non-flow correlations. The sub-event results from the two groups are
consistent with each other. The statistical uncertainties on fcme from Group-3 are larger than those from Group-4,
due to a smaller di↵erence in v2{ZDC} and v2{TPC} resulting from di↵erent approaches of correlating particles at
midrapidity with signals from two ZDCs (see sections IVD and IVE). All these results give a CME signal fraction
that is consistent with zero with large statistical uncertainties of approximately 10% (absolute) dominated by the
ZDC measurements.

The most recent Au+Au results measured by the spectator and participant plane method from STAR indicate a
possible CME signal fraction of the order of 10% with a significance of 1–3� [70]. If the CME signal fraction is also
10% in isobar collisions, then a 3� e↵ect would be expected with the current isobar data sample of approximately 2
billion MB events each, according to estimations in Ref. [82, 83]. However, it has been pointed out and supported by
AVFD simulations that the CME signal fraction may be substantially smaller in isobar collisions compared to Au+Au
collisions [138]. This would imply a substantially smaller significance in this isobar data sample.

Predefined CME signature:

The predefined CME signature is not observed
ü Not an indication for the absence of the CME
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Ø Δ𝛾 and its derivatives
Δ𝛾/v&(Ru/Zr)  > 1
Δ𝛾!!&/v&(Ru/Zr) > Δ𝛾!&0/v0(Ru/Zr)
κ(Ru/Zr)  > 1

Ø 𝜎!21
3& !*

,-
> 1
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PRC 105, 014901 (2022)



v Conclusions 

THANK YOU

The predefined CME signature is not observed
ü Not an indication for the absence of the CME in the individual signal 

• Ongoing work to characterize the effects of backgrounds  

20

We report experimental measurements of the blind analysis designed to test the
CME effect using a large data set of isobar 96Ru+96Ru and 96Zr+96Zr collisions at
200 GeV, taken by the STAR collaboration at RHIC.

Ø The backgrounds are reduced using the isobar collisions

Ø The criteria for a positive CME observation are predefined, before the blind 
analysis

Ø A precision down to 0.4% is reached, as anticipated, in the relative 
magnitudes of pertinent observables between the two isobar systems.

Ø Observed differences in multiplicity and 𝑣( for the same centrality
ü Background differences for the two isobars are more complicated than 

previously thought



Ø Event-shape selections can constrain the 𝑣( driven background  

ü Events are further subdivided into groups with 
different 𝑞& magnitude:

𝑞% =
𝑄%,2% + 𝑄%,3%
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